The rapid identification of Legionella pneumonia is essential to optimize patient treatment and outcomes, and to identify potential public health risks. Previous studies have identified clinical factors which are more common in Legionella than non-Legionella pneumonia, and scores have been developed to assist in diagnosing cases. Since a Legionella pneumonia outbreak at VA Pittsburgh in 2012, nearly all patients with pneumonia have been tested for Legionella. The purpose of this study was to evaluate distinguishing characteristics between Legionella and non-Legionella pneumonia with the application of universal testing for Legionella in all cases of community-acquired pneumonia. We performed a retrospective case-control study matching Legionella and non-Legionella pneumonia cases occurring in the same month. Between January 2013 and February 2016, 17 Legionella and 54 non-Legionella cases were identified and reviewed. No tested characteristics were significantly associated with Legionella cases after Bonferroni correction. Outcomes of Legionella and non-Legionella pneumonia were comparable. Therefore, in veterans who underwent routine Legionella testing in an endemic area, factors typically associated with Legionella pneumonia were non-discriminatory.
Introduction
Legionnaires' disease is a pneumonia caused by Legionella bacteria associated with case fatality rates of 10-25% [1] . Legionella can account for up to 15% of cases of community-acquired pneumonia and has been associated worldwide specifically with human-made water systems [1, 2] . These water systems can include, but are not limited to, cooling towers, hot tubs, decorative fountains, shower heads, and medical equipment [1] . Various studies have identified clinical and laboratory factors that are associated with Legionella pneumonia [2] [3] [4] [5] [6] [7] [8] [9] [10] . These prediction models were derived from pneumonia cases diagnosed without mandatory testing for Legionella. Indeed, current guidelines do not recommend routine testing for Legionella [11] . Rather, targeted testing of healthcare and severe community-acquired pneumonias is recommended-an approach that misses a significant percentage of Legionella cases [12] . Therefore, studies of Legionella pneumonia have artifactual biases toward more severe cases and presentations with conventionally attributed symptoms.
Following a Legionnaires' disease outbreak at the Veterans Affairs Pittsburgh Healthcare System (VAPHS) [13] , we instituted mandatory Legionella testing for all patients with pneumonia [14] . Legionella was subsequently identified in 1% of patients with pneumonia; almost half of these cases would have been unrecognized if we followed current testing guidelines. Our systematic protocol afforded an opportunity to identify characteristics of Legionella pneumonia in an endemic area, without biases introduced by selective testing. The purpose of this study was to identify the differentiating characteristics between Legionella and non-Legionella pneumonia in patients with pneumonia.
Materials and Methods
After Institutional Review Board approval was obtained (IRB Pro00001725), a retrospective, case-control comparison of patients with community-acquired Legionella pneumonia or non-Legionella pneumonia at VAPHS was performed. Legionella pneumonia was identified from January 2013 through February 2016-a period in which >97% of pneumonia cases were tested for Legionella [14] . No outbreak cases have been identified at VAPHS since 2012. Inclusion criteria for community-acquired pneumonia were clinical features of pneumonia along with radiographic findings on chest radiography or another imaging modality. These criteria were based on Centers for Disease Control, (Atlanta, Georgia) surveillance definitions [11, 15] . One control patient was excluded as Legionella testing was not performed. Patients with pneumonia were tested by Legionella urinary antigen (BinaxNOW ® Legionella Urinary Antigen Card, Alere, Waltham, MA, USA) and/or sputum culture for Legionella, as previously described [14] . Patients were diagnosed with Legionella pneumonia if any of urinary antigen, sputum culture, or autopsy lung culture were positive for Legionella. For each month when there was at least one Legionella pneumonia case diagnosed, all the non-Legionella pneumonia cases from that month were randomized into a list and the first five were then chosen. Demographic and clinical factors, disease severity, and outcomes were compared. Chi-square and Fisher exact tests were used as appropriate to determine statistical significance. After Bonferroni correction [16] for 44 variables, a calculated value of p < 0.001 was considered significant.
Results
Overall, 1691 pneumonia cases were diagnosed. Seventeen cases of Legionella pneumonia (1%) occurred in 11 of 38 months; none of these cases were hospital-acquired. Fifty-five patients with non-Legionella pneumonia were randomly identified and 54 were included in the analysis (representing 3.2% and 11% of pneumonias overall and in reviewed months, respectively).
Twelve and nine patients with Legionella pneumonia had positive urinary antigens and sputum cultures, respectively. One patient was negative by urinary antigen and sputum culture, but an autopsy lung biopsy culture grew Legionella pneumophila. Fifteen and two patients were infected with L. pneumophila serogroups 1 and (2-14), respectively. Fifty-one (93%) and 37 (67%) non-Legionella pneumonia patients had negative Legionella urinary antigens and sputum cultures, respectively. One patient in the non-Legionella pneumonia group had neither urinary antigen nor sputum sent for Legionella testing.
Demographic information and clinical data are shown in Tables 1 and 2, respectively. No variables were significant after Bonferroni correction. Mortality was low in our cohort and not significantly different between groups at 30 days, 90 days, or after hospital discharge ( Table 3 ). All patients received Legionella-active treatment on presentation with pneumonia. 
Discussion
To our knowledge, this is the first study assessing factors associated with Legionella pneumonia in a clinical setting that employed universal testing. Immunomodulatory therapy, fever, tachycardia, hyponatremia and proteinuria trended toward association with Legionella pneumonia by univariate analysis. Nursing home residency and sputum production trended toward an association with non-Legionella pneumonia. However, none of these factors were present in a majority of patients with either type of pneumonia, nor were the factors significant after Bonferroni correction. In the end, clinical and laboratory factors previously found to be predictive of Legionella pneumonia either were not significantly different in the two groups or they were not tested consistently (e.g., C-reactive protein, lactase dehydrogenase, Creatine phosphokinase (CPK) [3] [4] [5] [6] [7] [8] [9] [10] [11] .
None of the prior studies of Legionella pneumonia risk factors or prediction models utilized a Bonferroni correction, which likely would have reduced or eliminated the significance of findings [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . We did not retrospectively apply the Winthrop University weighted score [9] or the Ito-Ishida score [17] , as none of our patients had majority of the components included in each. In order to utilize these tools accurately, clinicians must perform tests that are not typically performed for community-acquired pneumonia. Rather than conducting these additional tests and applying a score, we found it simpler in veterans from an endemic area to send Legionella testing.
In our population, the percentage of patients with a class IV or V pneumonia severity index was higher among patients with non-Legionella pneumonia than those with Legionella pneumonia (72% and 59%, respectively), and patients' outcomes were comparable. The data demonstrate that Legionella pneumonia presents across a spectrum of severity. Studies identifying factors that predicted Legionella pneumonia or reporting increased mortality and morbidity compared to other community-acquired pneumonias [2] [3] [4] [5] [6] [7] [8] [9] [10] may have been biased by a failure to test all patients for Legionella and the inclusion of only more severe cases or patients with previously identified risk factors.
Current guidelines do not recommend routine Legionella testing since empirical treatment regimens for pneumonia generally include antibiotics with anti-Legionella activity [11] , and testing in low-risk settings may not be cost-effective [18] . In regions that are endemic for Legionella, however, systematic testing identifies cases that would otherwise remain undetected [12, 14, 19] , facilitates targeted antibiotic therapy, and serves a public health function as surveillance for potential outbreaks. Rapid, accessible microbiologic methods are more sensitive and specific than any scoring algorithm and may be easier to use as a screening method than a complex score requiring multiple tests not typically sent on non-critically ill pneumonia patients. In the aftermath of an outbreak, such as occurred in our hospital [13] , routine Legionella testing afforded confidence that cases were not missed, and that water management and infection prevention protocols remained effective.
There are limitations to this study. Our study population was ≥95% male. Results in our patients may not be relevant to other cohorts, since veterans are typically older and have more health conditions than the general population [20] . Veterans may also be hospitalized sooner as they have a higher use of medical resources compared to the general population [20] . Legionella is known to be more prevalent in the northeastern part of the country, and in Pittsburgh in particular, than in other regions [21] . In addition to differences in clinical findings or characteristics, patients with Legionella pneumonia in other parts of the country may be detected at later, more severe stages of the disease. The relatively small number of patients we encountered and our single center study design may bias our findings due to low statistical power. Finally, since this was a retrospective study, we were limited to laboratory or clinical data that were collected clinically. Although some factors were considered significant by univariate analysis before the Bonferroni calculation, we felt it was important to use the correction to avoid the promotion of weak associations of limited practical utility or potentially erroneous associations unique to our patient population.
Conclusions
Legionella pneumonia in our experience was indistinguishable from other causes of communityassociated pneumonia. Our experience suggests that testing all pneumonia cases for Legionella in endemic areas is more practical than attempting to derive prediction models to identify high-risk patients for testing. The broad application of testing in an endemic area allows for better-targeted antibiotic therapy and may increase public health awareness and help prevent outbreaks with heightened infection control practices as a result of the testing. In non-endemic regions, testing should be considered on a case-by-case basis while bearing in mind the indistinguishable characteristics between Legionella and other causes of community-associated pneumonia. 
